ABSTRACT-It has been recognized in both the popular and scientific literature that ultraviolet light plays a part in the lives of lizards. It has generally been assumed that ultraviolet light helps prevent or cure rickets although there have been suggestions in the literature that light quality may influence behavior. In this study, behavioral changes by ultraviolet light include threats to conspecifics in Dipsosaurus dorsalis as well as an increase in the frequency of assertion displays in Dipsosaurus and an increased frequency of head nods in Agama agama. One of the more important physical factors in the environment of desert lizards is light.
Introduction
Although we know that light plays an important role in the lives of reptiles and amphibians, our knowledge of what wavelengths or combination of wavelengths are important is limited. (Oliver, 1955) Popular publications with advice on keeping lizards in captivity suggest that the animals should be exposed periodically to a source of ultraviolet light in order to prevent rickets (Snedigar, 1962; Vogel, 1964) . Oliver (1955) noted that desert species in particular appear to need ultraviolet light in small amounts. Snedigar (1963) suggested that certain bulbs, giving off small amounts of ultraviolet, may be kept on the animals on a continuous basis without harming them. That reptile curators are becoming increasingly aware of the importance of light quality in the successful maintenance of reptiles is indicated by the fact that 4 papers in a recent International Zoo Yearbook discuss the use of sunlamps, various fluorescent bulbs and ultraviolet light for the successful exhibition of reptiles (Kauffeld, 1969; Laszlo, 1969; Logan, 1969; Pawley, 1969) Researchers have exposed their animals periodically to a source of ultraviolet light for proper Vitamin D and calcium metabolism (Mayhew, 1964 (Mayhew, , 1965 and it has been noted in other publications that the animals were periodically exposed to ultraviolet light, but no reason was given (Mayhew, 1963a, b ,c; Tinkel, 1967) There have been suggestions in the literature that light quality and/or intensity have a behavioral effect on iguanid lizards. Hunsaker (1962) in his ethological study of the torquatus group of the genus Sceloporus observed that ultraviolet light tended to elicit behavioral activity after the radiation period. Greenberg (1945) noted that 400-w photographic lamps had an immediate behavioral effect on the overall aggressiveness of the dominant male in a group of Crotaphytus collaris. He attributed this effect to light, temperature or both. At the Dallas Zoo, Dallas, Texas it has been observed that the males of several iguanids, in a mixed habitat of varanids and iguanids, bobbed and defended territories when kept under a bank of 6 250-w infra-red heat lamps and 2 275-w sunlamps (Murphy, 1969) .
While maintaining a group of Dipsosaurus dorsalis to be used in behavior studies involving hormones, it was decided that the animals should be exposed periodically to a sunlamp in order to keep them in good health. It was observed that social interactions occurred more frequently among the group when the sunlamp was on. The main social interaction of this group was the assumption of a threat display, i.e., at the approach of conspecifics, the dewlap was extended and the sides were laterally compressed. Another series of observations also implicated light quality in the social behavior of iguanid lizards. A group of 13 male and female Sceloporus jarrovi was observed to perform assertion displays significantly more frequently when exposed to a sunlamp.
These observations suggested that light quality was playing an as yet poorly understood but important role in the social behavior of iguanid lizards. The primary goal of this study was to demonstrate that light quality affects the social behavior of certain iguanid and agamid lizards.
MATERIALS AND METHODS Six desert iguanas Dipsosaurus dorsalis, 7 collared lizards, Crotaphytus collaris, 3 rainbow lizards, Agama agama, were used in the observations reported here.
The Crotaphytus and Agama were fed crickets and mealworms while the Dipsosaurus were fed lettuce, dandelion blossoms, and other vegetation. Water was always available in shallow containers. All lizards were toe-clipped and color-marked for individual recognition.
The Dipsosaurus were observed in 50.8 cm X 30.5 cm X 30.5 cm glass-fronted cages. The tops consisted of screen wire and, in addition, a 9.2 cm circular screened wire opening was at one end of the cages. The bottom of the cages was covered with 7 cm of sand. The wooden cages were painted inside and out with aluminum paint. The Crotaphytus were observed in a large inside enclosure constructed of sheet metal and measuring 2.4 m X 1.9 m X 0.9m. The floor of the enclosure was covered with 7 cm of sand and there were 3 cement blocks present for the animals to climb on. Black vinyl plastic on 3 sides above the sheet metal helped eliminate outside disturbances. At one end of the enclosure had a window measuring 21.9 cm X 51 cm through which observations were made. The glass in the window was covered on the inside with scotch tint. This produced somewhat the same effect as one-way glass and tended to prevent visual distraction of the animals. The Agama were observed in both the large shet metal enclosure and the small wooden cages. They were much more wary than either the Dipsosaurus or Crytaphytus and scotch tint was applied to the inside of the glass of the small cage as well as to the inside of the window of the sheet metal enclosure. Under these conditions they did not appear to be unduly disturbed by the presence of the observer.
Three 250-w heat lamps were used to light and heat the large sheet metal enclosure. The substrate temperatures varied from 47 C directly under a heat lamp to 26 C in more distant parts of the enclosure. The small wooden cages were generally lighted and heated by a single 100-w incandescent bulb in a reflector.
The source of ultraviolet light used in these observations was 2 commercial 275-w mercury vapor sunlamps, one manufactured by Sylvania, the other by Westinghouse for Sears Roebuck and Company. Commercial sunlamp specifications are regulated by the American Medical Association and the erythemal reaction, which occurs from 290 to 313 nm, is used to judge their effectiveness (Koller, 1965) . Figure 1 ilustartes the spectral output of visible and ultraviolet radiation of a commercial sunlamp.
A metal box lined with asbestos was used to house a sunlamp in experiments in which filters were used. The asbestos lining was painted with aluminum paint to insure reflectance.
Two Corning glass filters, c.s. no.7-60 and c.s. no.3-74, both measuring 15 X15 cm were used in these experiments. The former was used in the metal box to filter out most of the visible light produced by a sunlamp, the latter filtered out most of the ultraviolet light of a sunlamp. The approximate transmission per cent for various wavelengths for filter c.s. no.7-60 is shown in Fig.2 ; that of c.s. no. 3-74 is shown in figure. 3.
All temperatures were measured to the nearest degree C with an electronic thermometer and a small animal thermistor probe.
Behavioral data on the lizards in the small cages were collected with a 20-pen Esterline-Angus event recorder activated by a pushbutton keyboard. Data in the large enclosure were collected with a Sony tape recorder and later transcribed. A 60 sec stopwatch was used for certain measures and to determine the length of observation periods. A 16 mm movie camera was used to record the threat response of Disposaurus and Crytaphytus.
LIGHT AND BEHAVIOR IN LIZARDS Observation periods in the large inside enclosure were generally of .5 hr duration. Periods in which a sunlamp was used were alternated with those in which it was not used. Observations in the small cages involving the use of a sunlamp were of 2 types. Unfiltered experiments were of .5 hr duration. During the first 10 min, the animals were exposed only to the incandescent bulbs: during the second 10 min period, the sunlamp was turned on and during the final 10 mm period, the sunlamp was turned off. In experiments involving filters, observation periods were again of 30 minute duration, one 15 min period with the c.s. no. 7-60 filter in place and the second 15 min period with the c.s. no. 3-74 filter in place. A 5 min period during which filters were changed and the sunlamp cooled down intervened between the first and second 15 min observation periods. Data were obtained on one day furst under ultraviolet light and on the next day first under visible light. For any one group of animals only one observation period a day was run. The data were analyzed with nonparametric statistical tests (Siegel, 1956) .
